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Abstract 
Companies nowadays know that focusing only on making profit will never lead them to sustain their own growth, where 
a sustainable growth can never be achieved without focusing on developing a more proper and sustainable manufacturing 
capabilities to their products. Reaching this goal depend heavily on the decisions made early in product life cycle, which is the 
design phase. Selecting a proper product design process is always the first step for companies’ success. The Quality functional 
deployment (QFD) is one of these successful methods used in the product design process; most of that success is gained 
throughout the use of the House of Quality (HOC), which translates the costumer’s requirements into design specifications. Since 
his inception in Japan in the late 60th, many contributions and enhancements were induced to develop its capabilities. In This 
work, we introduce a new approach based on Morphological Analyses and Graph Theory, to develop a new systematic way for 
the transition between QFD phases. This approach was simulated using Python programming language and his graphical user 
interface Tkinter. 
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1. Introduction  
In this era of high competitiveness and open markets, 
building a new product is no longer a question of making 
something that just work, instead, the question is: what is the 
added value? What are the things that can makes our products 
better than the competitors, in regard to all the aspects that 
can affect the product during his life cycle, like the 
regulations, ethics, environment and more. In the past 
companies can sell almost anything that they can make. But 
nowadays is no longer the case, companies need to find the 
added value. To fill this gap, the field of design theory and 
methodology is rich of research and result that have been used 
and taught in industry and education [1], to help designer to 
develop more integrated product that take into account all 
aspects that can affect the product during his life cycle 
without harming future generation’s needs. QFD is one of 
these successful methods that have been used for years to 
develop and ameliorate the design process. The best thing 
about the QFD method is that it is organized to develop the 
major pieces of information necessary to understanding the 
problem [2].  In 2001 Chan and Wu [3] have sited more than 
600 publications on QFD to illustrate his importance in the 
field of scientific research and to hence and promote QFD’s 
future development. 
The design phase is generally the most challenging 
and time consuming stage in the product life cycle, where 
finding the right design tool and making a quick rational 
decision is always one of the first preoccupations of the 
designers. QFD is one of those widely used method to 
enhance the design process, and in this article we introduces a 
new approach of using the QFD which tend to bring a new 
systematic way for the transition between QFD phases, while 
keeping the voice of the customer (VOC) as the main function 
to be satisfied. This approach is more suitable for existing 
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product that we look for ameliorating them, and it will be 
presented as follow. First we start by giving an idea about the 
QFD process, and then we will explain the way in which the 
House of Quality (HOC) in this approach is used. After that, 
we present some of the used methods for the transition 
between QFD phases and the new approach. Finally an 
illustrative example of a washing machine is presented. 
2. The QFD Process 
 The aim of the QFD process is to provide a 
methodology that takes costumers’ requirements as the main 
driver in the design process. Generally the QFD process 
follows many phases combined with many other design tools 
like DFX, FMEA, Brainstorming, etc. It always starts by 
collecting the costumers’ requirements (CR) or the VOC and 
correlate them with the design specifications (DS) as a first 
phase. Then, many phases of product quality deployment can 
be followed. Akao [4] has sited four phases of deployment: 
quality deployment, technology deployment, cost deployment 
and reliability deployment. That should be followed in this 
order, for optimal result. In the other hand, Pahl, Wallace, & 
Blessing [5] has also highlighted the importance of the QFD, 
and for them the four phases are: product planning, product 
development, process planning and production planning. We 
can also see the work of Lin and Pekkarinen [6] proposing 
three phases : Service, Process and Activity. In their modular 
logistics service platform. The main tool used for most of the 
QFD phases is the HOC which is a matrix that is used to 
correlate two different attributes, due to this fact we can find 
in some reference that they refer to the HOC by the QFD 
matrix. Pugh [7] has mentioned the importance of the use of 
QFD matrix (HOC) and integrated it as one of the main 
techniques to be used in the five last stages on his           
Design Core ( Specification, concept design, Detail design, 
manufacture, sell ). We can summarize that QFD is a flexible 
method and it can be applied in many engineering fields and 
depending on the type of the product that has to be designed, 
we can choose the most suitable process for our design.  
 
3. The house of Quality 
The house of quality is the most important tool in the 
QFD process, it is a matrix with a shape of a house (Fig.1), by 
which we can transfer the degree of importance in the 
costumers’ requirements (the What) into design specifications 
(the How). This HOC is divided to six regions. 
1. The first region: the What region, is the region 
where we put the costumers’ requirements, it is divided in two 
columns. In the first column we put the customers’ 
requirements, and in the second we put the coefficient that 
reflects the importance of each Costumer requirement. 
 
 
Fig. 1. The House of Quality 
2. The second region: The How region is where we 
put the Design specifications. We divide it in two lines, the 
first line is where we put the DSs, and in the second line we 
define the way of improvement: increasing, decreasing or 
target (targeting a value). 
3. The third region: The What vs How region is 
where we define how much impact DS can have on the CR. In 
each grid we can give a score = {0, 1, 3or 9} to estimate the 
impact. 
4. The fourth region:   The How Much region, this 
region is divided into three lines. In the first one we give the 
value and the unit of the DS (How Much). In the second we 
define the range of acceptance or the tolerance for DS. In the 
last line we put the score for the DS:      
5. The fifth region: The Benchmarking region where 
we compare how much our products can perform against the 
competitors in regards to the CR, it can take value of [1, 2, 3, 
4, 5]. The value of 1 mean that the product doesn’t satisfy the 
CR and 5 mean that the product is perfectly satisfying the CR.  
6. The sixth region: the How vs How region, here we 
define the type of correlation between each two DSs, whether 
it is positive, negative or neutral, depending on which way of 
improvement we have fixed for each DS. It represents the 
impact of improving one specification on the other one. 
4. The transition between the phases 
 The easy way to move from a QFD phase to another, 
is to take all the DSs and arranging them in the What region 
of the next QFD phase, then putting the coefficients according 
to the scores obtained from the HOC. But in this case we will 
ignore the correlation between the DRs. To solve that we can 
use some fuzzy approach [8,9] that take in to account the 
relationships between CR and DS as well as those among 
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DSs, or other methods like  [10] which use a mixed integer 
linear programming model coupled with Kano model to 
acquire the optimized solution from a limited number of 
alternative DRs. In this work a new approach is presented, 
that take only one combination of DSs from all possible 
combinations of DSs that has a positive or neutral impact 
between them to the next QFD phase, the combination that 
will be picked will be the one that has a large score if we add 
all the scores of each DS in the combination. The others will 
be treated like a basic feature that should only kept under an 
accepted tolerance. In other word, the first group of DSs will 
be developed in a way, where the elements of DSs in the 
second group will not exceed the accepted threshold already 
defined in the fourth region of the HOC.  This new approach 
for the transition will have as input the DSs the correlation 
between DSs and the score of each DS, and as output the CRs 
for the next QFD phase, as shown in Fig.2.  
 
 
Fig. 2. Transition between QFD phases 
The idea behind this new approach is to use similar 
approach to the general morphological analyses (GMA)   
which was first developed by Zwicky [11] in treating the  
correlation between the DSs. In GMA we have generally a 
multidimensional problem, where in every dimension one 
solution is possible. But in this method a dimension will be 
represented as groups of DSs that have positive or neutral 
impact between them, and also in every group we can choose 
more than one element. The main challenge in this method 
was to find a way to extract all the possible groups of DSs, 
which have a positive or neutral impact between them. This 
issue was solved using Graph Theory and representing the 
relation between DSs as graph problem. For example if we 
have a positive or neutral impact between two DSs, they will 
be treated as linked elements, and if not they will be treated as 
not linked. For example: in Fig. 3, DS1 and DS2 would have a 
positive or neutral impact between them, where DS3 and DS5 
would have a negative impact between them. Then, finding a 
possible combination will be equivalent to find what we call 
in graph theory a maximal clique. To search for all maximal 
cliques in graph problem there are many algorithms that can 
be used like Bron_Kerboscht algorithm [12], and others like 
[13]. And finely, sorting the cliques according to the sum of 
the scores obtained for all DSs in each clique. This will give 
us an idea about the best set of DSs to work on for further 
development, which will guaranty a maximal satisfaction of 
the customer needs. The benefit of this method is that it can 
make the transition between the QFD phases easier and in the 
same time keeping the VOC as the main function to be 
satisfied. 
 
Fig. 3.  An example of a graph problem 
This method was simulated using Python 
programming language and Tkinter as graphical user interface 
(GUI). It takes three steps, in the first step we put in the 
program the DSs with their cumulated scores in set of groups 
that have non-negative impact between them, and then we 
check the correlation between DSs if it is positive or negative 
or neutral. Finely we will launch the program to find all the 
combinations and sorting them according to the sum of the 
scores for each combination. This work was inspired from the 
work of Ritchey [14] that used software to develop the  GMA  
method, to find all possible combination in a GMA problem.  
6. An illustrative example 
To illustrate this new approach of QFD process an 
example is shown in Fig. 4, of the HOC for enhancing the 
design of a washing machine. This example has as CRs: 
“Short operating time”, “More stability”, “More washing 
capacity”, “Operating silently”, “Consume less water”, “Low 
electricity consumption”, “Don't take much space”, and “Not 
heavy”. And as DSs : “Washing time”, “Machine Weight”, 
“Rotation speed”, “Capacity Wash”, “Noise level”, “Energy 
consumption”, “Size”, “Heating power” and “Water 
consumption”. After processing the HOC, the data is collected 
from the HOC, Then the Fig.5 show a capture of the 
developed software where the DSs are clustered as elements 
that has non-negative impact between them, and in front of 
each DS we put the obtained score from the HOC. After that 
we clique on the button Data Analysis, a new window will 
arise (Fig.6) to ask for all DSs that have negative impact 
between them, we check them by marking the checkbox button 
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Fig. 4. The House of quality 
 
 
 
Fig. 5. Program main window 
 
 
Fig. 6. Checking incompatibility 
 
 
(check incompatibility). And finely after saving the data we 
clique on the button All Combination and the program will 
start searching all the maximal cliques then sorting them in 
accordance to the sum of their scores (Fig.7). 
As a result we can see that the elements of the 
combination {reducing machine weight, reducing rotation 
speed, reducing noise level, reducing energy consumption, 
reducing the size, increasing the heating power, decreasing 
the water consumption} is the set of DRs that has a non-
negative impact between them and generate a maximal 
satisfaction of the customers, so those DSs will be the main 
elements to be enhanced for optimal result. The other set of 
elements: {reducing the washing time, increasing the washing 
capacity, increasing the heating power} according to the 
assumption already made, they will evolve in the opposite of 
the desired direction of improvement, so here they should be 
kept under the fixed tolerance.   
 
 
7. Conclusion: 
 In developing a new product generally it is not easy 
to satisfy all the costumers’ needs. But a good choice has to 
be made, in the minimum time with regards to all issues that 
can affect the product success and the company’s future 
growth. This work proposes a new approach for the transition  
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Fig. 7. Final result 
 
between QFD phases which try to give an idea about all the 
possible combinations of DSs based on a given set of CRs that 
can achieve a maximum customers’ satisfaction, using 
morphological analyses and graph theory. The main 
advantage of this approach is its ability to be less complicated, 
easy to use and to implement. 
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